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Kitaev's Toric Code in a magnetic Field

Kitaev's Toric Code is an exactly solvable two-dimensional spin model which is
relevant for topological quantum computation [1]. Elementary excitations are
abelian anyons which are strictly local due to conservation laws. In the presence
of a finite external magnetic field, the anyonic excitations gain a kinetic energy
and they start to interact. Using perturbative continuous unitary transformations,
we set up a true quasi-particle description of the abelian anyons inside the
topological phase [2]. We study one-particle properties like the anyon dispersion
but also the formation of bound states including two or more anyon excitations
[2][3]. These collective modes turn out to be fermions or bosons. Finally, we
study the full phase diagram of the model which turns out to be very rich
including multi-criticality and self-duality on different lines in parameter space.
The critical properties of the model therefore strongly depend on the direction of
the magnetic field. Apart from perturbative continuous unitary transformations we
use exact diagonalization as a complentary tool [3].
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